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HYDROAFCHANICAL  PKOPKRriEi  OF  AN  ISOLATED  rfINo  HOVINK  ABOVE  A SCREEN 


S-  V.  Kovdl'chuk  an J I-  P.  Tkachenno 


(Hydrcsechdnics  Institute  or  the  Academy  ot  Sciences  UktSSR) 


When  a wing  moves  near  the  interface  ot  t.wc  mediums,  its 
hydroaechanical  characteristics  change  relative  to  those  i n an 
unbounded  fluid.  It  is  impossible  to  create  devices  which  use  the 
eflec*  ot  a solid  or  liguid  wall  without  considering  these  changes. 
Increasing  litt,  decreasing  drag,  and  displacing  the  center  of 
pressure  along  the  wing  chord  are  all  factors  which  are  considered 
when  constructing  airfoil  systems  and  determine  the  approach  to  the 
problem  of  the  stability  of  the  device. 
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*•  will  start  with  the  general  differential  integr  >1  equation 
for  i hydrofoil  [2].  The  boundary  ccnditicn 

dy  -o. . a) 

dy.,-o 

coil  • ,j  :>!..}  f to  on  1 1 1 Ktoudc  i, umbers  (Fr,-»0) 

iii  can  replace  the  fluid  for  a solii  wail1,  r.e.,  return  to 
cor.o  i * ior:  (1),  diuinj  movement  at  hilt,  speeds  atove  the  interface. 


[ F cot  not*  : ‘See  the  correct  derivation  cf  the  boundary  conditions  in 

A.  S'.  Pamhenkov's  article  m this  collection.  £nd  footnote] 


Thus,  there  is  complete  correspondence  between  the  movement  of  a 
hydrofoil  at  Fr,-*0  and  that  of  a ving  above  a fluid  surface  at 

Fr,-*oo  The  solution  to  equation 


r(y) 


an 


=—  « 


2 X(jr) 


-VI 

lG)  - r [ r G)  -"r  + 

2*.]  L^-7! 


d7) 


(2) 


-I 


for  Frt-»0  determines  the  value  of  circulation  over  the  span  of  a 

wing  moving  at  a high  speed  above  a fluid  surface. 
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The  proced  ure  tor  solving  equation  (2)  worked  out  in  [1]  gives 
th*-  calculat'  d tor  ,nul  »*>  *01  finding  tbt  circulation  at  several  nodal 
points  on  the  span 


p*i  __  r7  = 11.  _l 
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...  hAhl ll2^ -0.M64*,)  4-  k,  ro,  1 464ft,  — 1.91 42^,) 

ni  — ^2^3) 

I'l  _ ]V  — knk3 

/>•,£<  — k,  k, 

V }•  (3) 

r>-r»-  L + 


(0,9142^,-0,8536/?;)-^-^,  (0,8536^-0^2*.)  | 

o3  (k,kt -h2k3) 

j'<  = *1*, 

k\kt 


wht  r 1 


1,9831-  1,0921 


a, : 
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free  surface: 


describes  the  change  in  the  angle  of  zero-lift  under  the 

0.(7)  *i 


1, — 


PTD-ID(RS) 1-0041-77 


4 


DOC  004  1 


P A 0 !• 


Ga(-)Al  3O40(-U{  3O40(^)aI 

/.- + <os** 


/»=- 


3G61  f~ 


+ — ^ Wmj) - 

eH-  (2^+3^S+^8) ' 


5G60(^ 


3G. 


J: 


G, 


(-U 


+ — ^- (*!+*?)  — 


*/ 


30Gco  ( 

\ t 


4-  cos* * 3Gfll/\J ^ 


3G40  f — ] A\ 


— cos4* 


5 G,„  [ — ]>!* 


(4) 


DOC 


004  1 


p \ v , 


's 


f(y)  ttit  subset.  : t iosigi.ates  the  or  d*  r ol  a pur  ox  i mat.  ion  and  the 
;upi  r .ij  * - the  - ros ect  1 o r i.  u n I .01  . ) These  t or  rou  1 a^*  consider  t he 
plinfcn#  o t the  w i ng  and  the  bt-iU  of  motion. 


1 fmn~  I.  Function  5—,  which  considers  the 

fcttff  t •>.  t n c-  interface  on  th<  annular  coefficient  of  dependence 

Cr_  = /(a) and  i;i  )ilL.  of  the  f ,,t  Biu  la  f cr  finding  Cy ■ and  C,  , has  a 

la  rye  va 1 ue . 

».  uioj  the  circulation  distribution,  wc  can  find  the 
funct  ion  with  the  formula 


2ar*ou 

+< A jt: 2 + A , x*  -4-  A j-c'  4-  m 


nX 


(5) 


whei  . • 


1 

Am-T*m+2  Vr;,ln«„ 


r,  is  the  Glauert  correction. 

This  formula  was  used  to  calculate  corrections  h for  several 
series  of  wings  with  lifferent  geometric  parameters. 
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c ta  i:  i uld  r wing  (F  i j.  1).  A series  ot  wings  with  the  hollowing 
aspect  ratios  wd..  selected  lor  the  calculation 


= 


a?  . 
2 ’ 


a„  «=5,45. 


In  this  case,  l0=lJ|=x. 

Taper  ed  wing  ( Fi  j . t)  . (liven  a constant  aspect  ratio  of  x0  = 

5.  4C>,  we  will  change  the  planioim  ot  the  wing  by  changing  the  angle 
of  taper;  ^ore  precisely,  by  the  value 


<7-0,9;  0,75;  0,5;  0,25;  -0,25,'  -0.5. 


I r.  this  case. 


K . T _ ». 

1 — q cos  0*  ’ 2 — q ' 


(6) 


DOC 


004  1 


PAGE  f%  > 


tapered  wing  (Pig.  3).  Its  for:n  can  be  changed  by  the 
size  cf  the  rectangular  portion  ot  the  wing,  as  well  as  by  the  angle 
of  taper.  As  in  the  previous  case,  A„  = 5.45;  q = 0.4;  0.75;  0.5; 
0.25;  -0.25;  -0.5. 

For  a double- tapered  wing 


\k  “ 


1 — (cos  8»  — X)  • y-£-^ 


1 = 


2+?(X-l) 


(7) 


ft, 

where  X“  T > 
- 0 

formula  (7) 


and  we  will  design  different  x»  determined  by 
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Table  1 . 
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0,15 

0.20 

0.25 

0,30 

0,35 

0,10 

0.45 

0.50 

0,55 

0,60 

T' 

1 

0.33 

0,515 

0,651 

0.75 

0,822 

0.876 

0.917 

0,949 

0,973 

0.992 

1.01 

1,02 

1,03 

2 

0.364 

0,556 

0,61 13 

0.791 

0,863 

0,916 

0,956 

0.987 

1,01 

1,03 

1.04 

1.06 

1.07 

3 

0,997 

0,592 

0.729 

0.826 

0,897 

0,9 19 

0,989 

1,02 

1.04 

1,06 

1,08 

1.09 

1.10 

4 

0.427 

0 625 

0,761 

0 8 8 

0.928 

0,98 

1 .02 

1 ,05 

1.07 

1,02 

1,10 

1,14 

1.19 

5 

0,456 

0.654 

0,79 

0.886 

0.9.55 

1.01 

1,04 

1.07 

1,10 

1.12 

1.13 

1.14 

-1,15 

6 

0,482 

0.68 

0,816 

0,91 1 

0,98 

0.03 

1,07 

1.10 

1,12 

1.14 

1.16 

1,17 

1,18 

7 

0,461 

0,656 

0,791 

0.887 

0.957 

1.01 

1.05 

1.08 

1.10 

1.12 

1.13 

1.15 

1,16 

8 

0.517 

0.709 

0,81.3 

0.937 

1,00 

1.06 

1,10 

1.12 

1,15 

1.17 

1,18 

1,19 

1.20 

9 

0,314 

0,514 

0.654 

0,754 

0.827 

0.881 

0,922 

0.953 

0,977 

0,997 

1,01 

1.02 

1,03 

10 

0,212 

0.422 

0,569 

0,675 

0.7.51 

0.808 

0.850 

0.883 

0.008 

0.928 

0.914 

0.966 

0,967 

11 

0.093 

0,329 

0. 194 

0 612 

0.69 

0.757 

0,803 

0.8.18 

0.865 

0,886 

0,902 

0,916 

0.927 

12 

0.028 

0, 501 

• 0.191 

0 623 

0.787 

0,785 

0.835 

0 873 

0,901 

0,928 

0,941 

0,955 

0,969 

13 

0.488 

0,671 

0.806 

0,902 

0,970 

1,02 

1,06 

1.09 

1.11 

1.13 

1.15 

1,16 

1,17 

14 

0.557 

0.743 

0.8/7 

0.971 

1.04 

1.09 

1.13 

1,16 

1,18 

1.20 

1,21 

1.23 

1.24 

15 

0,308 

0.508 

0.619 

0,749 

0.821 

0.875 

0,916 

0.948 

0,972 

0,991 

1.00 

1.02 

1.03 

16 

0,217 

0.425 

0.572 

0,677 

0.753 

0,809 

0,851 

0,884 

0,909 

0,929 

0,945 

0,957 

0,968 

17 

0,135 

0.361 

0.521 

0,635 

0,717 

0.777 

0.822 

0,857 

O.S88 

0,904 

0.920 

0,9.33 

0,944 

18 

0.105 

0.353 

0,528 

0.(51 

0,74 

0,804 

0.8.52 

0,888 

0,916 

0.937 

0,9.54 

0,968 

0,979 

19 

0,473 

0.666 

0,801 

0,896 

0,966 

1.02 

1,06 

1.09 

1.11 

1.19 

1,14 

1,16 

1.17 

20 

0.545 

0.737 

0,870 

0,965 

1.03 

1.08 

1.12 

1.15 

1,17 

1.19 

1,21 

1,22 

1,23 

21 

0.319 

0,518 

0.658 

0,758 

0,831 

0,884 

0,925 

0.9,56 

0,981 

1,00 

1.01 

1,03 

1.04 

'22 

0.244 

0.460 

0,595 

0,699 

0.774 

0,83 

0,872 

0,904 

0,998 

0 918 

0.964 

0 977 

0.987 

23 

0.184 

0,403 

0 .5.57 

0,667 

0,747 

0,806 

0,8,5 

0,883 

0,909 

0.93 

0.915 

0,959 

0,97 

24 

0.169 

0.4 

0504 

0.681 

0.765 

0,827 

0,873 

0,907 

0.934 

0,955 

0.972 

0.985 

0.996 

25 

0,450 

0,644 

0.78 

0.876 

0,946 

0.998 

1,04 

1,07 

1,09 

1,11 

1,13 

1,14 

1.15 

26 

0.504 

0.696 

0,831 

0,927 

0.997 

1,05 

1,09 

1.12 

1,14 

1,16 

1.18 

1,19 

1.20 

27 

0,346 

0,543 

0,682 

0,78  J 

0,851 

0.904 

0.944 

0,975 

0,999 

1 ,02 

1,03 

1.05 

1,06 

28 

0.3 

0.5 

0.61 

0,74 

0,812 

0,866 

0,906 

0,937 

0,961 

0,981 

0,!/96 

1.01 

1.02 

29 

0,263 

0, 166 

0,609 

0,710 

0.784 

0.839 

0.88 

0,911 

0.9.16 

0.9.55 

0,971 

0,983 

0,994 

30 

0.218 

0.454 

0,599 

0 702 

0,777 

0.832 

0,874 

0,906 

0,930 

0.950 

0.966 

0,978 

0.989 

KEY:  (1)  Wing  No. 
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—0,25 
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19 
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20 
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0.25 

21 

0.5 

22 

■ 

0,95 

23 

0.9 
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24 

—0,25 

25 

0.5 
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26 
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27 
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29 
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Tunics  1 and  2 show  the  results  ol  the  calculations  for  the 
select*  u series.  Th*-  above  calculations  make  it  possible  to  come  to 
certain  conclusions  about  the  :<  1*  ctior  of  tno  ilantorm  of  a winq 
wcikinq  near  a screen. 

The  curves  in  Piqures  1- J should  1*  corrected  at  snail  depths. 
The  snail  patanetei  a tnod  loe.  iior  jlv  us  thf  correct  solution  at 

H-+0. 

It  is  necessity  - <>  fust  further  approx  in  at  ions  which  require 
very  cumbersome  calcil  mens  in  order  to  obtain  nore  accurate 
results.  I n the  li*r*inq  case,  -77  — 0.  functions  and 
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indue*-:  1 1 t j di  sap  pea  t s.  F vc  n <t  sup>ec  ticial  analysis  of  the  curves 

show  • that.  the  chili-)'  >t  the  wiry  plantorir.  has  a considerable  effec* 
on  ;t  : . y i 1 >n  'chanicil  pic|  titn-.i  when  moviny  rear  a screen.  Neith^i 
tn*  tee*  ut  fart',  not  the  unbounded  fluid  ate  as  sensitive  to  the 

rhdii-P  ir  the  mn)  plantorc  as  tn<  screen.  For  example,  the  taper 
value  t function  Si  can  vary  fron  1 • S — 2 times,  depending  on  the 
angle.  This  v ilun  chan  pes  v<  r y markedly  for  wings  with  large  induced 
drag  tr.  a r»  unbounded  fluid,  depending  cn  the  distance  from  th^ 
screen.  The  i>.  fore,  the  selection  of  the  plan  fori  of  a winy  near  a 
screen  r juires  vary  careful  study.  The  value  cf  £lt  and  its  first 
derivative,  wmeh  expr  sses  the  slope  of  the  curve,  are  necessary  tor 
desipr.iny  airtoil  jysteirs  moving  near  a screen  and  for  calculating 
their  stability. 
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